Objective: We used OCT angiography (OCT-A) to investigate parapapillary choroidal microvasculature dropout (MvD) in glaucomatous eyes with or without disc hemorrhage (DH), and the association with changes in retinal nerve fiber layer (RNFL) thickness.
Disc hemorrhage (DH) is a significant risk factor for glaucoma development and progression. 1e3 The Ocular Hypertension Treatment Study found that DH was a risk factor for glaucoma development in ocular hypertensive eyes. 3 The Early Manifest Glaucoma Trial and Collaborative Normal-Tension Glaucoma Study showed that DH was significantly associated with glaucoma progression. 1, 4 However, little is known about the underlying pathogenic mechanism. Also, it remains unclear as to which features of DH may have prognostic implications.
Fluorescein angiography, laser Doppler flowmetry, and laser speckle flowgraphy have revealed that the extent of defects in optic disc filling was more prevalent, and that disc leaks and delayed choroidal filling, especially parapapillary choroidal filling delay, were more common in glaucomatous eyes than in normal eyes. 5e9 Few reports have specifically investigated changes in glaucomatous eyes with DH.
Previously, we used disc angiography to identify vesselfilling defects, and delayed filling, of vessels of the optic nerve head (ONH) in glaucomatous eyes with DH. 10 However, the relationship between microvascular changes and glaucoma progression in eyes with DH has not yet been described. OCT angiography (OCT-A) yields both qualitative and quantitative microvascular data, and allows evaluation of the perfusion status of the various retinal layers. Specifically, OCT-A images of the deep parapapillary layer have recently revealed regional microvasculature dropout (MvD) in glaucomatous eyes. 11e13 MvD in the parapapillary choroidal layer around the ONH was regionally associated with retinal nerve fiber layer (RNFL) defects in glaucomatous eyes, suggesting that microvascular changes may affect glaucoma pathogenesis. In the present study, we used OCT-A to evaluate microvascular perfusion in the ONH region of glaucomatous eyes with and without DH, and explored the clinical significance of regional MvD at the site of prior DH in terms of progressive RNFL thinning.
Methods

Subjects
This study was a component of the Catholic Medical Center Glaucoma Progression Study (CMC-GPS), which commenced in 2009 at Seoul St. Mary's Hospital, Seoul, South Korea. The work was approved by our institutional review board of Seoul St. Mary's Hospital and we followed all relevant tenets of the Declaration of Helsinki. We enrolled all consecutive eligible patients who were willing to participate, and all gave written informed consent.
All open-angle glaucoma (OAG) patients enrolled in the CMC-GPS underwent a complete ophthalmic examination, including a review of medical history, measurement of best-corrected visual acuity, refraction assessment, slit-lamp biomicroscopy, gonioscopy, Goldmann applanation tonometry, measurement of central corneal thickness via ultrasound pachymetry (Tomey Corp, Nagoya, Japan), measurement of axial length with ocular biometry (IOLMaster; Carl Zeiss Meditec, Dublin, CA), dilated stereoscopic examination of the optic disc, red-free fundus photography (Canon, Tokyo, Japan), Cirrus OCT (Carl Zeiss Meditec), and Humphrey visual field (VF) examination using the Swedish interactive threshold Standard 24-2 algorithm (Carl Zeiss Meditec).
All patients were followed up every 1e3 months with color disc and fundus photography. VF and OCT examinations were performed at intervals of 6 months during the first 3 years after the diagnosis of glaucoma, and every year thereafter.
Data from the CMC-GPS were reviewed by 2 of the authors (H.Y.P. and J.W.K.). OAG patients with DH who had been followed up for at least 2 years after DH documentation, and who had undergone at least 4 serial OCT examinations, were evaluated in the present study. The comparison group included OAG patients without DH during the entire follow-up period (at least 4 years) who had undergone at least 4 serial OCT examinations. All such patients underwent additional OCT-A (DRI OCT Triton; Topcon, Tokyo, Japan) examinations. OAG was defined by the presence of a glaucomatous optic disc (exhibiting diffuse or localized rim thinning, a notch in the rim, or a vertical cup-to-disc ratio !0.2 compared with the other eye); a VF finding consistent with glaucoma (a cluster of !3 non-edge points on the pattern deviation plot with a probability Figure 1 . A representative case. A, A 48-year-old man with open-angle glaucoma had a localized inferotemporal retinal nerve fiber layer (RNFL) defect without disc hemorrhage (DH) during the 5 years of follow-up. B, This patient did not show progressive RNFL thinning during the follow-up period (B-1, baseline; B-2, end of follow-up). C, OCT angiography generates en face images via automated layer segmentation around the optic nerve head into 4 layers. The superficial layer (C-1), vitreoretinal layer (C-2), and layer of the radial capillary network (C-3) show capillary loss corresponding to the inferotemporal localized RNFL defect. The parapapillary choroidal microvasculature captures signals from the retinal pigment epithelium that extended to the outer border of the sclera, which mainly includes the signals from the choroid (C-4). A microvasculature dropout is observed in the inferotemporal region corresponding to, but smaller than, the RNFL defect.
of <5% of the normal population, with one of these points having a probability of <1%), a pattern standard deviation (PSD) with a P value < 5%, or a Glaucoma Hemifield Test result consistently outside the normal limits on 2 VF examinations as confirmed by 2 glaucoma specialists (H.Y.P. and C.K.P.); and an open angle evident on gonioscopy. DH was defined as an isolated flame-shaped or splinter-like hemorrhage on the optic disc or in the parapapillary area, extending to the disc border. Alternative causes of hemorrhage (ischemic optic neuropathy, papillitis, retinal vein occlusion, diabetic retinopathy, and posterior vitreous detachment) were diagnostically excluded. All DHs occurring during follow-up were recorded. Some eyes exhibited recurrent DH; if such DH developed at different clock-hours, those eyes were excluded. Intraocular pressure (IOP) was recorded at each visit. The mean IOP during the entire follow-up period was calculated by averaging all such measurements.
Additional inclusion criteria were as follows: a best-corrected visual acuity !20/40, a spherical refraction within AE6.0 diopters (D), a cylinder correction within AE3.0 D, at least 2 reliable VF measurements (false-negatives <15%, false-positives <15%, and fixation losses < 20%), and a mean deviation (MD) better than À20.00 dB. The exclusion criteria were a history of any retinal disease, including diabetic or hypertensive retinopathy; a history of eye trauma or surgery, with the exception of uncomplicated cataract surgery; any optic nerve disease apart from glaucoma; and a history of systemic or neurological diseases that might affect the VF. If incisional or laser glaucoma treatment was performed during follow-up, only the data obtained before treatment were analyzed. If both eyes of an enrolled patient met all inclusion and exclusion criteria, 1 eye was randomly chosen for study.
OCT Angiography
The ONH and parapapillary region were imaged using a commercial, swept-source OCT-A device (DRI OCT Triton; Topcon). The central wavelength was 1050 nm, the acquisition speed was 100 000 A-scans/second, and the axial and transversal resolutions were 7 and 20 mm, respectively. Cubes 4.5Â4.5 mm in size were scanned; each cube consisted of 320 clusters of 4 repeated B-scans centered on the optic disc.
OCT-A of the DRI OCT generates en face images via automated layer segmentation around the ONH into 4 layers (Fig 1) . The superficial layer analyzes signals from the RNFL, ganglion cell layer, and inner plexiform layer (Fig 1C-1) . The vitreoretinal layer analyzes signals from the internal limiting membrane and superficial RNFL (Fig 1C-2) . The radial capillary network layer includes signals from the RNFL and superficial layer of the ganglion cell layer (Fig 1C-3) . The parapapillary choroidal microvasculature in the relevant region was evaluated on en-face images generated via automated layer segmentation of signals from the retinal pigment epithelium that extended to the outer border of the sclera, which mainly includes signals from the choroid (Fig 1C-4) .
MvD was defined as focal, sectoral capillary dropout within the visible microvascular network. MvD was identified when the and OCT angiography (OCT-A) deep-layer images (C) are shown. The green circle indicates the optic disc margin. The area demarcated by the yellow dotted lines is the MvD region. Lines are drawn from the disc center to where the MvD meets the optic disc margins; the angle (q) between these lines reflects the extent of MvD. Quadrant and clock-hour locations of the disc hemorrhage (DH) or MvD were determined by superimposed images, constituting disc photography or OCT-A images overlain onto the quadrant or clock-hour map of the OCT scan. We included only MvD regions topographically associated with DH locations in our analysis (the yellow arrow indicates DH). To be regarded as DH eyes with MvD, the locations of DH and MvD had to be in the same quadrant and the same or neighboring clock-hour (gray shaded area in D and E).
dropout width was greater than twofold that of the visible juxtapapillary microvessels on the parapapillary choroidal microvasculature map on OCT-A. Two independent observers (H.Y.P. and J.W.K.), blinded to clinical data, independently identified all MvDs. Disagreements were resolved by a third author (C.K.P.). Only clear images with quality scores > 30 and that did not exhibit blurring attributable to motion were analyzed. The location of MvD had to be topographically correlated with the DH location in eyes with DH. The quadrant and clock-hour location of DH or MvD were determined by superimposed images, constituting disc photography or OCT-A images overlaid onto the quadrant or clock-hour map of the OCT scan and aligned using Photoshop software (Version 12.0; Adobe Systems Inc, San Jose, CA) (Fig 2) . For eyes to be regarded as DH eyes with MvD, the locations of DH and MvD had to be in the same quadrant and the same or neighboring clock-hour. In eyes with MvD, but not DH, or DH eyes without MvD, the quadrant and clock-hour locations of MvD or DH were identified.
The circumferential extent of MvD was measured using ImageJ software (http://rsb.info.nih.gov/ij/index.html). From the disc center, we drew 2 lines to points at which the MvD border met the disc margin (Figs 2C and 3C-4). The angle between these 2 lines was the angular extent of the MvD. All angles were measured by 2 authors (H.Y.P. and Y.J.), who were blinded to the clinical data. Each observer measured each angle twice, and the mean of the 4 values was used in the analysis. 
Cirrus OCT
RNFL thickness was measured using the optic disc cube protocol of the Cirrus OCT running version 6.0 software. The optic disc cube protocol scans a 6Â6-mm 2 area centered on the ONH, collecting 200Â200 axial scans containing 40 000 points. Images exhibiting involuntary saccade, misalignment, or blinking artifacts, and those with signal strengths < 6, were discarded. Images for which algorithm segmentation failed were also excluded after visual inspection. Global, quadrant, and clock-hour RNFL thicknesses were automatically calculated. The quadrant and clock-hour sectors in which the DHs and/or MvDs were located were subjected to RNFL analysis. When the clock-hour sectors were different between DH and MvD, the mean of the 2 clock-hour sectors was used for analysis.
Eyes were divided into those that did or did not exhibit progressive RNFL thinning using the guided progression analysis (GPA) software of the Cirrus OCT. We included only patients who underwent at least 4 OCT examinations, allowing generation of a GPA report. The global RNFL thickness was plotted against the follow-up duration. If progression was suspected, the RNFL thickness at each visit was annotated with the term "possible loss" or "likely loss." Progression was identified if the observed change from baseline (the average of the first 2 OCT examinations) exceeded the testeretest variability of the system. If the "possible loss" criterion was met on 2 successive visits, that patient was considered to exhibit "likely loss." We considered that "likely loss" reflected progressive RNFL thinning and thus glaucomatous progression.
Statistical Analysis
We used the Student t test to compare continuous variables and the chi-square test to compare categorical variables. The extent of interobserver agreement in terms of MvD determination was evaluated by the calculation of l coefficients. The RNFL rate was determined from serial OCT measurements using a linear mixed model. Models were fitted with fixed coefficients (fixed effects) of time (months), age (years), and baseline MD, accepting random intercepts and coefficients (thus, random effects) for all eyes when analyzing the effect of time. The progression rates of RNFL were compared between groups by linear mixed models. A KaplanMeier survival analysis and the log-rank test were used to compare the cumulative risk ratio of progression between groups stratified by DH and MvD. First-time OCT progression was regarded as the end point in the survival analysis. The end of follow-up was when patients without progression were censored. Possible relationships between the extent of MvD and ocular parameters were analyzed by calculating Pearson correlations. Univariate and multivariate logistic regression analyses were used to identify factors associated with progressive RNFL thinning. The dependent variable was "likely loss" of RNFL thickness as revealed by GPA. The independent variables were age, gender, spherical equivalent (SE) refraction error, central corneal thickness, mean follow-up IOP, baseline RNFL thicknesses, recurrent DH, MvD, baseline VF MD and PSD, and follow-up duration. Independent variables yielding P values <0.20 in the univariate model were included in the multivariate model. A P value <0.05 was considered to indicate statistical significance. All statistical analyses were performed with SPSS software (ver. 16.0; SPSS Inc, Chicago, IL).
Results
A total of 96 eyes of 96 OAG patients with DH and 77 eyes of 77 OAG patients without DH met the inclusion but not the exclusion criteria and underwent OCT-A imaging. Of the 96 eyes with DH, Baseline patient characteristics are listed in Table 1 . All patients were taking a glaucoma medication; 85 (56.7%) had been prescribed prostaglandins. The baseline characteristics were similar between the OAG eyes with and without DH in terms of age, SE, mean follow-up IOP, baseline RNFL, and VF parameters (Table 1) . Among the DH eyes, 52 (63.4%) developed recurrent DH. MvD was found in 38 (46.3%) eyes with DH at the prior DH site, and in only 20 (29.4%) eyes without DH, which was significantly different between the 2 groups (P ¼ 0.025). For all cases, the MvD was at the location of RNFL defects and corresponding superficial and radial capillary network layer loss in other OCT-A maps. SE and axial length comparisons revealed that DH eyes with MvD were significantly more myopic than DH eyes without MvD (P ¼ 0.009 and P ¼ 0.004, respectively) ( Table 2 ). In eyes without DH, axial . Kaplan-Meier analysis of the probability to remain without deterioration of the retinal nerve fiber layer in glaucoma patients. Log-rank tests comparing eyes with or without disc hemorrhage (DH) and with or without microvasculature dropout (MvD) showed statistically significant differences. There were also statistically significant differences between groups subdivided by the presence of DH and MvD.
length showed that eyes with MvD were significantly more myopic than eyes without MvD (P ¼ 0.049). (Table 3) . Progression was significantly more common in DH eyes than in eyes without DH (P < 0.001). DH eyes with progression exhibited more frequent DH recurrence (77.3%) than the stable group (47.4%, P ¼ 0.005). OCT-A revealed that the progressive group had significantly more MvD at the DH sites (77.3%) than the stable group (10.5%, P < 0.001). In eyes without DH, OCT-A revealed that the progressive group had significantly more MvD (50.0%) than the stable group (23.1%, P < 0.001). The rates of global, quadrant, and clock-hour RNFL thinning were significantly faster in the progressive group than in the stable group in eyes with and without DH. In the groups with and without DH, eyes with MvD showed a significant cumulative probability of RNFL progression on Kaplan-Meier analysis (log-rank test, P < 0.001 and P ¼ 0.014, respectively; Fig 4A and B) . There were statistically significant differences between groups subdivided by the presence of DH and MvD as assessed by Kaplan-Meier analysis (log-rank test, P < 0.001; Fig 4C) .
We sought correlations between clinical characteristics and the MvD angle (Table 4) . The SE exhibited a significant negative correlation in groups both with and without DH. The baseline MD and PSD were significantly correlated with the MvD angle, as was the rate of RNFL thinning at the clock-hour location of MvD. The MvD angle was significantly greater in DH eyes with myopia (25.40AE13.61
) than without myopia (14.51AE10.57 , P ¼ 0.030). Additionally, the MvD angle was significantly greater in eyes with recurrent DH (23.49AE12.44 ) than in eyes with single DH (9.64AE5.37 ) (P ¼ 0.002). We used logistic regression analysis to identify factors associated with glaucoma progression in OAG eyes. Presence of DH, recurrent DH, and presence of MvD were significantly associated with progressive RNFL thinning in the univariate analysis (Table 5 ). To find out whether these variables were independently associated with progressive RNFL thinning, separate models were created in the multivariate analysis (Table 6 ). Presence of DH (b, 3.795, 95% CI, 1.844e7.812; P < 0.001), recurrent DH (b, 4.323, 95% CI, 1.487e12.572; P ¼ 0.007), and presence of MvD (b, 15.705, 95% CI, 6.297e39.169; P < 0.001) were all independently associated with progressive RNFL thinning in separate multivariate analysis. In the combined multivariate model, only recurrent DH (b, 4.698, 95% CI, 1.510e14.619; P ¼ 0.008) and presence of MvD (b, 11.473, 95% CI, 4.892e26.907; P < 0.001) were significantly associated with progressive RNFL thinning.
Representative cases are shown in Figures 1 and 3 . A 48-year-old man with OAG had a localized inferotemporal RNFL defect without DH during the 5 years of follow-up. He had MvD at the location of the localized RNFL defect using the choroidal map of OCT-A imaging (Fig 1C-4) . However, this case did not show any RNFL progression (Fig 1B-1 and B-2) . In the other case, a 52-year-old woman with normal-tension glaucoma had a localized inferotemporal RNFL defect and DH. During 5 years of follow-up, she exhibited progressive RNFL thinning at the location of the recurrent DH (Fig 3B-1 and B-2) . A choroidal map of OCT-A imaging revealed a parapapillary MvD at the prior DH site (Fig 3C-4) , corresponding to the progressive RNFL defect.
Discussion
MvD on the choroidal map of OCT-A was a finding that was more frequently detected in OAG eyes with DH compared with eyes without DH. DH eyes with corresponding MvD at the prior DH site exhibited a faster rate of RNFL thinning than DH eyes lacking MvD or MvD eyes without DH. OAG eyes exhibiting progressive RNFL thinning more commonly presented with MvD at the DH site. Progressive OAG eyes without DH exhibited higher detection rates of MvD than stable eyes without DH; however, the detection rate of MvD was significantly higher in progressive DH eyes than in progressive eyes without DH. These findings show that when MvD is found in OAG eyes with DH, it may have more important prognostic significance. Finally, the presence of MvD was significantly associated with progressive RNFL thinning, along with recurrent DH, in glaucomatous eyes. MvD is a new ocular finding recently revealed by OCT-A.
11e13 MvD can be seen within the beta (b)-zone of parapapillary atrophy (PPA) on choroidal vessel density maps of the ONH generated by OCT-A. MvD is a real perfusion defect of the choriocapillaris and the large choroidal vessels.
12,14 Suh et al 12 and Ichiyama et al 13 found that MvD was associated with a thinner RNFL and poorer VF parameters, as we also showed.
12, 13 Lee et al 11 found that the extent of MvD was in good agreement with the area of the RNFL defect. Therefore, MvD may be a pathophysiological manifestation of glaucomatous damage. Suh et al 12 found that the prevalence of MvD in OAG eyes was 52.1% (37/71 eyes). The findings of Lee et al 11 were 46.1% (53/115 eyes); the latter study found no MvD in normal control eyes. We detected MvD in 38 of 82 (46.3%) OAG eyes with DH. The exact causal mechanism of MvD and when it develops in glaucomatous eyes remains unclear. However, it is evident that MvD may form during the glaucomatous process, as it is found more frequently in glaucomatous eyes. Moreover, MvD may be found more frequently in glaucomatous eyes with DH, although the cause of MvD formation has not been elucidated. Additionally, MvD is found more frequently in glaucomatous eyes showing progression, and it was related to faster RNFL thinning in glaucomatous eyes with DH. This means that observing the presence of MvD using OCT-A may provide a biomarker for glaucoma progression, especially in eyes with DH.
DH is a well-known progression risk factor for glaucoma. Recurrent DH has been reported in 12% to 73% of all DH cases. 15, 16 Studies with follow-up periods >4 to 5 years found that 45% to 50% of all DH was recurrent. 15, 17 In the present study, recurrent DH was evident in 63.4% of patients; however, the frequency thereof was similar in eyes with and without MvD. The clinical significance of recurrent DH remains controversial.
18e20 Some studies described more pronounced progressive VF changes in eyes with recurrent DH compared with single DH. 21 However, other studies found that eyes with recurrent DH did not exhibit more rapid glaucoma progression than those with single DH. 15, 17 There is a chance that treatment enhancement after the detection of recurrent DH may have influenced the course of the disease, making it difficult to determine the clinical significance of recurrent DH. 22 In the present study, DH eyes with MvD had a significantly higher rate of DH recurrence and the extent of MvD was greater in eyes with recurrent DH. Additionally, recurrent DH was a significant factor associated with RNFL progression along with the presence of MvD. The cause-and-effect relationship is not clear between DH recurrence and the presence of MvD. Both mechanical and vascular pathogenesis are thought to underlie DH development. Structural changes at the level of the lamina cribrosa can cause mechanical rupture of the retinal capillaries, leading to DH. 23 Suh et al 12 hypothesized that choroidal layer microvasculature changes could be associated with structural changes in deep ONH structures, including the lamina cribrosa, which may be related to the development of DH. 13 On the other hand, choroidal vascular insufficiency to the ONH owing to systemic vascular risk factors may also contribute to the repeated ischemic insults to the ONH related to recurrent DH. 23, 24 All possibilities require confirmation through longitudinal studies. However, our findings suggest that when there is retinal vascular insufficiency, observed as DH, and additive choroidal vascular insufficiency, observed as MvD and/or recurrent DH, these factors aggravate the risk of glaucoma progression.
We found that the extent of MvD was associated with the degree of glaucomatous damage at diagnosis and the degree of myopia. All relevant studies found that OAG eyes with MvD were significantly more myopic than eyes without MvD.
11e13 Previous studies suggested that increased mechanical stress on the ONH and peripapillary sclera may compromises the parapapillary microvasculature during eyeball elongation, which is characteristic of myopia. 25 Both deformation and strain are notably concentrated in the parapapillary region, where the scleral flange is located. 26 Thus, scleral vessels may be subjected to tensile stress, causing MvD of the choroidal layer. 11 The exact mechanism that explains why MvD was related to myopia remains unclear. The mechanical environment around the ONH differs between myopic and nonmyopic eyes 27e29 and may contribute to the microvascular changes evident in myopic eyes. The b-zone PPA is usually larger in myopic eyes and increases in size with increasing myopia. 30, 31 The b-zone PPA lies adjacent to the optic disc and is characterized by atrophy of the retinal pigment epithelium and choriocapillaris, thinning of chorioretinal tissues, and enhanced visibility of the sclera and choroidal vessels. 32 Changes in the b-zone PPA are related to glaucoma development in ocular hypertensive eyes, and to faster disease progression in eyes with established glaucoma. 33, 34 The location of the b-zone PPA predicts the region in which glaucoma progression will be most rapid, and it has been hypothesized that ischemic damage to the optic nerve constitutes the underlying mechanism. 35 The presence and extent of MvD within the PPA region were associated with myopia in the present study, supporting the idea that myopic changes around the ONH may be associated with MvD. However, the extent of MvD was also significantly associated with baseline VF parameters in the present study. Previous studies showed that MvD or microvascular changes observed by OCT-A were not apparent in normal eyes or myopic eyes without glaucoma. This may be interpreted to mean that MvD within the PPA region is associated with both myopic changes and glaucomatous processes.
Whether MvD is related to both myopia and glaucoma remains to be solved. Many reports show that retinal or choroidal blood flow are decreased or disturbed in myopic eyes using OCT-A. 36 In myopic eyes with glaucoma, the degree of choroidal microvasculature was related to axial length in a study by Kiyota et al. 37 However, complete loss of the microvasculature in the choroidal layer was recently reported by Shin et al. 38 to be only observed in myopic eyes with glaucoma, not in myopic eyes without glaucoma. A study by Sung et al. 39 included healthy myopic eyes and found that the degree of myopia was related to retinal microvasculature, but not with deep choroidal microvasculature. 39 Instead, the deep choroidal microvasculature was associated with myopic optic disc changes. They suggested that disc morphologic changes owing to myopia may cause additional mechanical strain around the peripapillary region, causing deep microvasculature changes, and this may contribute to the development of glaucoma in myopic eyes. Considering the results from Shin et al, we can think that further alteration of the deep microvasculature occurs when these myopic eyes progress to glaucoma.
Our study had several limitations. OCT-A imaging is an emerging technique; we imaged our patients only during follow-up. If OCT-A imaging has been performed at baseline, we would have been able to explore whether a cause-and-effect relationship was evident between MvD and disease progression. However, we found that MvD in DH eyes may be associated with progressive RNFL thinning. Also, the extent of MvD was associated with myopia, which may possibly trigger MvD. OCT-A imaging has certain limitations. In the choroidal images of OCT-A, signals from the choriocapillaris could be blocked because of the disc rim. Additionally, retinal vessel signals evident on en face, 
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Presence of MvD deep-layer OCT-A images render it difficult to precisely define the MvD boundary. Therefore, only eyes with clear dropout were considered to have MvD. However, the fact that MvD is located within the b-zone PPA, which has few superficial retinal vessels and where the signals may not be blocked by the disc rim, reduces the risk of artifacts.
In conclusion, MvD was frequent in progressive glaucomatous eyes and more frequently found at prior DH locations in eyes with DH. The extent of MvD was associated with more advanced glaucoma, myopia, and localized progressive RNFL thinning. Further longitudinal studies are needed to assess the clinical significance of, and temporal relationship between, MvD and glaucoma progression.
